Abstract In Nigeria, the incidence and prevalence of human immunodeficiency virus (HIV)-related neurocognitive impairment (NCI) are unknown and there currently exists little information related to the viral correlates rates of NCI. Therefore, studies were performed to examine the potential utility of applying an established neuropsychological (NP) screening battery and detailed NP testing to detect NCI and correlations with functional impairment and the presence of specific viral signatures among infected subjects. A total of 60 HIV-1 seropositive antiretroviral-naive individuals and 56 seronegative control subjects were administered the International HIV Dementia Scale (IHDS) and assessed for functional impairment using the Karnofsky performance status scale. Fifteen HIV-infected patients and 11 controls were also administered a detailed NP battery. Blood samples from eight infected subjects, three with evidence of NCI, were obtained for molecular analysis of HIV-1 strain. Unadjusted scores on the IHDS showed that, using a recommended total score cutoff of 10, 28.8 % of the HIV-1 seropositive and 16.0 % of seropositive individuals scored abnormally. Results from testing using the full NP battery showed that, overall, the HIV seropositive group performed worse than the seronegative group, with effect sizes spanning from small (0.25 on the trail making test A) to large (0.82 on action fluency), and an average effect size across the battery of 0.45, which approaches that which has been recorded in other international settings. Sequencing of partial pol amplicons from viral isolates revealed that two of three patients with NCI were infected with subtype G virus and 1 with the circulating recombinant form (CRF)02_AG; all four individuals without NCI were infected with CRF_02AG. These studies demonstrate the utility of the IHDS in identifying cognitive impairment among HIV infected individuals in Nigeria. Future studies aimed at examining the burden of NCI among the population of individuals with HIV-1 infection in Nigeria and which assess the virologic correlates will contribute to the evolving understanding of the pathogenetic factors that underlie this disorder.
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Introduction
Current estimates indicate that there are approximately 33 million people with human immunodeficiency virus (HIV) infection worldwide and that two thirds of such individuals live in Sub-Saharan Africa. For Nigeria, the total number of people with HIV infection ranks second in the world (National Agency for the Control of Aids 2010). Prior to the introduction of highly active antiretroviral therapies, neurological complication were observed in up to 70 % of individuals, with a significant number of the cases being associated with opportunistic processes (Berger et al. 1987; Levy et al. 1985; Snider et al. 1983) . Among the most common and devastating complications is the occurrence of HIV dementia (Antinori et al. 2007) . In Western and Sub-Saharan Africa, studies have demonstrated prevalence rates of HIV dementia that range from approximately 3 % to greater than 60 % (Belec et al. 1989; Hall et al. 2000; Howlett et al. 1989; Kanmogne et al. 2010; Njamnshi et al. 2009; Perriens et al. 1992; Sacktor et al. 2006; Sebit 1995; Wong et al. 2007 ). In Nigeria, antiretroviral drug therapies were relatively recently introduced and the use of these agents has been on the rise (Abimiku 2009; Lum et al. 2007) . In countries where antiretroviral medications are widely available, a decline in the incidence of HIV dementia has been documented (Sacktor et al. 2001) ; however, the prevalence has been found to remain elevated and to primarily impact individuals with earlier stage disease (Heaton et al. 2011; Sacktor et al. 2002) .
There is currently a paucity of information related to the epidemiology of neurocognitive impairment (NCI) in Nigeria as well as significant gaps in knowledge regarding potential associations between NCI risk and infection with specific HIV strains. Therefore, pilot studies were undertaken whereby patients and control subjects were screened for impairment using an instrument that has been shown to be sensitive for detecting cognitive abnormalities in HIV-infected individuals in sub-Saharan Africa, the International HIV Dementia Scale (IHDS; Sacktor et al. 2005 ). This was followed by testing of a subgroup of this cohort with a more detailed neuropsychological (NP) battery and analyses of virus subtype in blood. These studies suggest that the prevalence of HIV-related neurological impairment in Nigeria may be similar to that previously reported in other international settings. Such impairment may be linked to HIV strains that account for a large percentage of the infections that occur among individuals in Nigeria.
Methods

Patients
A total of 60 HIV seropositive subjects, all antiretroviral treatment naive, and 56 seronegative individuals were sequentially recruited for these studies from counseling and testing clinics located at the National Hospital (NH) in Abuja, Nigeria, the University of Abuja Teaching Hospital (UATH) in Gwagwalada, Nigeria, and the Amino Kano Teaching Hospital (AKTH) in Kano, Nigeria. The clinics are operated under the University of Maryland AIDS Care and Treatment in Nigeria (ACTION) program, which is supported by the President's Emergency Plan for AIDS Relief (PEPFAR) fund. All individuals were ≥18 years of age and had no history of active tuberculosis, syphilis, or other infections. Individuals were excluded if they had a history of prior antiretroviral therapy, were non-Englishspeaking, had evidence of active CNS or systemic disease that would impair their ability to participate in the testing, a history of significant head trauma, focal neurological signs, or other physical deficits that would impair performance, a history of alcohol abuse or use of other mind-altering substances, or a previous diagnosis of a learning disability or psychiatric disorder. Informed consent was obtained from the study participants independently or with the assistance of a family member. Volunteers also underwent phlebotomy with subsequent measurement of CD4 count and plasma viral RNA levels. All study procedures were approved by the University of Maryland Institutional Review Board, the Nigerian National Health Research Ethics Committee, and the Institution Review Boards of the NH, UATH, and AKTH.
NP testing
Testing was performed on all study volunteers using the IHDS, a brief NP screen that can be performed at the bedside in less than 20 min (Sacktor et al. 2005) . In addition, a detailed NP battery that has been utilized in multiple international settings was administered to a subset of individuals to identify possible impairment within seven cognitive domains of interest. The domains tested and the specific tests utilized were the following: (1) speed of information processing: WAIS-III digit symbol, WAIS-III symbol search, color trails test 1, trail making test A; (2) attention/ working memory: paced auditory serial addition task (PASAT), WMS-III spatial span; (3) abstraction/executive functioning: Wisconsin card sorting test-computer version, color trails test 2, stroop color and word test, Halstead category test; (4) learning and delayed recall: Hopkins verbal learning test, brief visuospatial memory test; (5) verbal fluency: letter (word sound) fluency, category fluency; (6) motor speed and dexterity: grooved pegboard test; (7) screening for effort: Hiscock digit memory test.
Genetic subtyping and phylogenetic analysis
For characterization of the genetic subtype of HIV-1 in samples, proviral HIV-1 DNA was extracted from peripheral blood mononuclear cells (PBMCs) and amplified using a nested polymerase chain reaction (PCR) strategy. Subsequently, the amplified products were analyzed by nearly full genome sequencing using an ABI 3100 automated sequencer (Applied Biosystems, Foster City, CA) as previousy described (Eyzaguirre et al. 2007 ). For phylogenetic analysis, sequences were added to already existent multiple alignments containing reference sequences from the HIV-1 pandemic and hand-aligned using MacGDE, a sequence management software package for Apple Mac OSX (http:// www.msu.edu/~lintone/macgde/). A sequence mask enabled insertions and deletions to be eliminated from phylogenetic analysis while remaining in the alignment. Phylogenetic analyses were done using neighbor-joining and maximum likelihood methods as implemented by phylogeny inference package (PHYLIP) software version 3.57c (J. Felsenstein, University of Washington; Felsenstein 1995) . Intersubtype recombinations were determined by the use of SimPlot (Lole et al. 1999) .
Results
Participant demographic and clinical characteristics
The age, gender, education, marital status, and level of disability were compared for the HIV-infected and HIV seronegative individuals. The HIV-infected groups were older and more likely to be female and married than the seronegative controls (Table 1) . There was no difference in the level of education with more than 35 % of the subjects enrolled in each group achieving a post high school level of education (Table 1) .
Performance on the IHDS HIV-infected and HIV seronegative subjects were assessed for NCI using the IHDS tool. The groups were found to score similarly on the screen subtests. However, the HIVinfected subject group had a lower mean total score than the seronegative group (Table 2) . Using a Karnofsky score of <50 as a gold standard (i.e., the individual requires considerable assistance and frequent medical care), it was determined that the IHDS had a sensitivity of 100 % and a specificity of 79 % for detecting impairment at a total score cutoff of 9.0 and a sensitivity of 100 % and a specificity of only 37 % at a cutoff of 10.0. A borderline statistically significant association was also noted for a Karnofsky score<50 and an IHDS score<9.0 (Table 2) . With this information, the data were then examined to identify demographic and clinical factors that might be associated with poor performance on the IHDS, with this analysis performed using a score cutoff of 9.0. These studies showed that a statistically significant greater number of individuals with low CD4 cell counts and with higher WHO disease stage scores were below this cutoff ( Table 2) .
Performance of HIV seropositive and seronegative participants on a detailed NP battery A detailed NP battery was administered to 11 seronegative and 15 seropositive individuals. For the individuals in these two groups, there was no difference in the level of education, which is the variable that has the most influence on NP test performance. However, overall, the HIV seropositive group performed worse than the seronegative group, with effect sizes on the individual tests spanning from small (effect size 0.15 on the trail making test A; P 0 nonsignificant) to large (effect size 0.82 on action fluency and 0.81 on the HVLT-R delay, P value00.049 and 0.044, respectively; Table 3 ). The average effect size across the battery was 0.45, which approaches the medium effect size that has been recorded in other international settings (Fig. 1 ).
Molecular analysis of HIV isolates
HIV isolates were available from seven patients who had been administered both the IHDS and detailed neurocognitive battery, and these were analyzed for the presence of pol genetic sequence alterations that have been previously described for viral strains in Nigeria (Abimiku et al. 1994) . Of the seven patients, three had evidence of NCI and four had normal test results. Partial pol amplicons were successfully sequenced for all patients. Of the seven, five were infected with CRF02_AG and two with subtype G strain virus. Among the three individuals with NCI, two were infected with subtype G and one was CRF02_AG. All of the four without NCI were infected with CRF02_AG. No previously described HIV "neurological signatures" associated with CNS virus were observed in the env sequences analyzed from peripheral blood (data not shown). The results for the partial pol analysis are shown in a phylogenetic tree containing reference strains from the West African pandemic (Fig. 2) .
Discussion
This study represents the first to examine among HIV-infected individuals in Nigeria potential links between NCI, functional impairment and, although not conclusive, molecular virological evidence of infection with specific HIV strains. The NP- screening instrument that was utilized, the IHDS, was shown to be sensitive for detecting impairment, initially in Uganda and subsequently in other populations, including those in Cameroon and India (Ganasen et al. 2008; Njamnshi et al. 2008; Riedel et al. 2006; Sacktor et al. 2005 ). In our cohort, mean total scores on the IHDS were slightly lower for the seropositive than for the seronegative group. In addition, at an IHDS total score cutoff of 9.0, seropositive subjects were found to be more impaired than seronegative subjects. Such impairment was associated with lower CD4 counts and more advanced HIV disease, the latter was reflected by the higher WHO disease stage for these individuals. Also, individuals who performed better on the screen were likely to have less functional impairment, as measured by Karnofsky performance status scale scores, though this association was of borderline statistical significance. Karnofsky scale scores The results from the administration of the detailed NP battery to study participants appear to suggest a possible association between HIV infection in Nigeria and the presence of abnormalities in verbal fluency and verbal learning. However, studies are required that involve larger cohorts and which use culturally adapted tests before such findings can be considered conclusive. Studies of HIV-related NCI that have been previously performed in Nigeria have employed a culturally appropriate screening tool called the Community Screening Interview for Dementia (CSI 'D'), which was developed for studies of Alzheimer's disease (Hall et al. 2000) . In a cross-sectional study comparing treatment-naive asymptomatically infected individuals to seronegative control subjects, the HIV-infected group performed worse on the battery subtests and had lower total scores than control subjects. In a follow-up study of performance on tests of simple reaction and binary choice reaction times in seropositive patients and seronegative control subjects matched for age, sex, and level of education, the HIVinfected patients were, again, more impaired (Odiase et al. 2006) . At this time, the prevalence of HIV-related neurocognitive disorders in Nigeria is unknown. In Western countries during the early years of the decade, it was estimated that HIV dementia occurred in between 10 % and 15 % (Sacktor et al. 2002) . With the introduction of effective antiretroviral therapy, the incidence of HIV-related NCI in the West initially decreased but has subsequently increased in association with a higher prevalence of impairment due to increased survival and with such individuals having milder impairment (Sacktor et al. 2001) . Therefore, with the rapid increase in the use of antiretroviral therapies in countries such as Nigeria, it is important to track the impact of treatment on the prevalence of NCI in these settings as well.
The neuropathogenesis of HIV has been intensively studied in regions of the world where the predominant subtype of HIV-1 in circulation is subtype B, and studies have been underway to examine the pathogenicity of subtype C, which predominates in Southern Africa as well as in India (Weniger et al. 1994) . In India, studies suggest that the rate of dementia among individuals infected with clade C virus is lower than that which occurs with infection with clade B, whereas in South Africa, high rates of dementia with clade C infection have been reported. In studies performed in Uganda there was an association demonstrated for cognitive impairment and severe immunosuppression with infection with subtype D virus (Sacktor et al. 2009 ). In Nigeria, the molecular diversity of HIV has been examined in several studies and has been found to be complex. In regions to the west of Nigeria, the most common genetic form of HIV is the circulating recombinant form (CRF)02_AG, which is formed from subtypes A and G (Abimiku et al. 1994; McCutchan et al. 1999) . To the east, in the countries of west central Africa, particularly Cameroon which shares border with Nigeria, every genetic form of HIV that is known has been identified, including strains from groups O and N. Neurotropic strains of HIV typically use the CCR5 chemokine receptor as a coreceptor to infect blood monocytes, which can transport the virus across the bloodbrain barrier (Deng et al. 1996; Meltzer et al. 1990) , and the chemokines and CCL5, MIP-1α/CCL3, and MIP-1β/CCL4 can block infection of these cells by HIV-1 (Alkhatib et al. 1996) . Upon entry into the nervous system, virus can continue to replicate in these cells and, upon secretion, infect microglial cells, which also express CCR5 (Gartner et al. 1986; He et al. 1997; Shieh et al. 1998) . The selective CCR5 binding is conferred by characteristic sequences that are located in the V3 loop region of the viral gene glycoprotein (Hwang et al. 1991) . Also, CNS isolates can be found to have changes in the promoter sequences located in HIV long terminal repeat (LTR) that can be associated with altered binding of C/EBP family transcription factors (Burdo et al. 2004) . Therefore, specific sequence changes in these regions may not only characterize virus that is compartmentalized in the nervous system but also strains that may be specifically associated with a presence of cognitive impairment in the infected individual.
Following the establishment of infection, several factors can contribute to the development of NCI as a result of toxicity to neurons and glia including the HIV proteins tat, Fig. 2 Results of molecular analysis of pol gene sequences from HIV isolates from seven HIV seropositive subjects, four with NCI as determined by abnormal scores on the IHDS (Neuro), and three without NCI (Non-neuro) gp120, and nef and cytokines and chemokines including TNF-α, IL-1-β, MCP-1/CCL2, other neurotoxic substances like quinolinate, and cellular toxicity induced by oxidative stress (Anderson et al. 2002; Heyes et al. 1991; Nath 2002; Ranki et al. 1995; Wesselingh et al. 1993) . Studies have shown that tat protein that is produced by clade C virus induced less toxicity against human fetal neurons and lower levels of expression of MCP-1/CCL2 by astrocytes in culture than that which is isolated from clade B virus, which correlates with the associated risk for individuals infected with these viruses developing HIV-related NCI. The possibility that CRF_AG strain virus can cause neurological disease is suggested by the findings for the small group of patients that are described in this report. However, further studies involving larger numbers of patients and data demonstrating macrophage tropism for clinical isolates from cognitively impaired individuals will be important to obtain.
Small-scale studies in Africa of individuals infected with non-clade B virus have confirmed the effectiveness of antiretroviral drug therapy in reversing the symptoms of HIVassociated cognitive impairment in these populations . The introduction of HAART regimens has resulted in an approximately 50 % decrease in the overall incidence of HIV dementia, although the prevalence of the disorder has unfortunately increased in association with prolonged survival of infected individuals (Dore et al. 1999; Sacktor et al. 2002) . The overall efficacy of nucleoside reverse transcriptase inhibitors in penetrating the blood-brain barrier and in suppressing CSF viral replication when administered alone or in combination with other categories of antiretroviral drugs has been well documented (Foudraine et al. 1998 (Foudraine et al. , 2001 ). However, the ability of the antiretroviral drug to cross the blood-brain barrier can vary among different individuals, and it is not clear that antiretroviral drug levels in CSF accurately reflect drug concentrations in brain or correlate with antiviral activity (Anthonypillai et al. 2006; Letendre et al. 2000) . To address this issue, an approach has been developed whereby the clinical efficacy of a drug regimen can be estimated based on the individual component drug chemical structure, antiviral potency and CSF penetration (Letendre et al. 2008; Tozzi et al. 2009 ). As regimens are developed for implementation in developing areas of the world such approaches will be useful in selecting drug combinations with the greatest efficacy against prevalent viral strains.
In summary, these studies of HIV-related NCI in Nigeria confirm previous observations of such complications being detectable using screening instruments and more detailed testing approaches that are derived from tools used in other areas of the world. Also, just as previous applications of these instruments have been useful for determining risk for future negative consequences of HIV infection, performance on the testing can correlate with functional impairment. With the existence of a relatively limited diversity of viral strains in Nigeria, there is the potential to identify strains that are particularly neurotropic and may respond best to specific antiretroviral drugs. Therefore, additional studies are critical for clarifying these remaining questions.
